This prediction is shown to be contrary to that of the linear diffraction theory which predicted that the Morison coefficient decreases with increasing kb. Several interesting results and limiting cases are discussed in some detail.
One of the most common problems in hydrodynamics deals with waves as well as wave loading estimation for offshore structures. This problem is of considerable mathematical and engineering interest due to abundant applications to marine hydrodynamiss. In order to indicate our motivation and interest in the problem, it is necessary to review some of the relevant works on the subject.
Based upon the classical works on linear diffraction theory for water waves by Havelock [I] and for sound waves by Morse [2] , MacCamy and Fuchs [3] In recent papers [4] [5] , Chakraborty has made an interesting extension of MacCamy and Fuch's work, and obtained analytical solutions of the second order wave forces on a vertical cylinder based upon the Stokes flfth-order wave theory. It is unfortunate that his scattered potential fails to satisfy the nonlinear free surface boundary condition and the radiation condition at infinity.
In order to eliminate these drawbacks of Chakraborty's theory, Raman and Venkatanarasaiah [6] have presented a nonlinear diffraction theory due to the Stokes second-order waves for estimating the wave forces on a vertical cylinder.
Although their work has provided some interesting theoretical and experimental results, the method of solution is extremely complicated.
Historically, the wave loading estimation for offshore structures has been based upon the work of Morison et al [ 7] . Morlson Po-pgz, (3.2) at a height z above the level z 0 where the atmospheric pressure is Po"
(ii) The dynamic pressure distribution which has the well known Bernoulli value
at a point where the fluid speed is q.
(iii) The transient pressure distribution which has the value
There is a certain resultant force with which each of these pressure components acts on a solid body in a stream of homogeneous liquid of variable speed U.
The total derivative of (3.1) with respect to time t has the form This is the equation derived by Lighthill [9] . It is noted here that a simple combination of equations (2.2) and (2.3) also gives the result (3.9).
PERTURBATION OF SOLUTION AND NONLINEAR WAVE FORCES.
We write the velocity potential, and the free-surface elevation function, We would like to make some comments on the equation (4.9) satisfied by the quadratic potential @q, and the additional wave loading, generated by @q. In other words, for the deep water case, the second term on the right hand side of (4.9) or (4.14) disappears, and the quadratic potential q satisfies (4.15) at the free surface with zero boundary conditions everywhere else.
Similarly, for a very shallow water, kh / 0 so that tanhkh/kh, we can also write down the corresponding form of the equation (4.14).
It is also noted that the left hand side of equations (4.14) and (4.15) has no terms in Z.
This is because of the fact that the potential Making reference to Lighthill [9] It follows from the above discussion that the total second-order contribution to the irrotational-flow loading on an offshore structure is equal to Fd+Fw+Fq, whereas the linear wave loading on such structure is F.
The accuracy of the wave loading can thus greatly be increased by combining 
LINEAR FORCE AND MORISON'S COEFFICIENT BASED UPON THE LINEAR DIFFRACTION THEORY.
Havelock [i] developed the linear diffraction-theory potential for a long vertical cylinder of radius b in an oncoming wave train in deep water described by the potential given by (4.13a On the other hand, for small kb (the characteristic dimension b of the body is small compared with k-1) the body radiates a very small amount of scattered-wave energy. This corresponds to a case of a rigid lld on the ocean inhibiting wave scatterlng.
NONLINEAR WAVE LOADINGS ON A VERTICAL CYLINDER.
We now calculate the linear wave loading, FZ, and the nonlinear wave loading (4k) (--cos 8) (6.11) where the factor 4k is extracted from the linearized boundary condition @tt + g@z 0 on z 0, for oscillations of frequency 2m in order to relate the vertical velocity W at the surface to a local velocity potential given by the second factor in (6.11) so that its radial derivative is cos 8 on the cylinder surface r b.
In view of the proportionality of W to cos 8, the only cos 8 terms that may be The cos 8 term involved in this expression is also obtained only from the crossterm between the two terms within the third bracket of (6.18), and has the value b 2 g(ak)2(r + -) cothkh sin2mt cosS. (6.19) Invoking the results (6.11), (6.17) and (6.19), the quadratic force It follows from (6. Finally, the total nonlinear contribution to the Morlson equation force is equal to the sum of (6.21), (6.28) and (6.32) It is noted here that beyond the limiting radius r B, W is oscillatory and hence makes a small contribution to the quadratic force F discussed in the q previous section. With regard to the geometrical shape of offshore structures, it can be added here that the present theory is general enough to incorporate any other axlsymmetric solid structures of practical interest.
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